Introduction
============

Affinity and addiction to certain drugs are prevalent throughout the world, and side effects not only influence the drug user but others are indirectly affected. In particular the placenta and embryo of the addicted mother can be affected. Many behavioral problems in infants whose mothers are drug users are a result of the effects of opioids on the embryo ([@B1], [@B2]).

It is necessary to study the function of drugs in animals, especially in the embryo. The main attention in various researches has focused on placenta as an important source during fetal life, while changes caused by opioids have not garnered much attention. The increase in opioid use number of abnormalities noted in the neonates of addicted mothers necessitates the need for more research on addictive drugs in the body and the location of their effects. Previous studies have shown that opioids delay placental and embryo development, but there is no research on identification of site of morphine action in placenta that are affected by morphine. The situation of morphine effect needed to trace by labeling material such as C^14^-morphine.

The destructive effects of opiates in humans and laboratory animals are well documented. Experiments have shown that the consumption of drugs by pregnant mothers causes developmental delays in embryos and lead to fetal defects such as spina bifida ([@B2], [@B3]).

The capacity of the placenta to displace and release oral materials depends on the placenta, form and the number of transfer factors. Morphine, a lipophilic molecule, readily crosses the placenta, and affects embryo cells ([@B4]-[@B7]). In mammals the placenta is the most important site of matter exchange in embryo blood and mother blood, thus the size of the placenta is directly related to the transfer of food, which is performed by simple, active transmissions in and around the placenta ([@B6], [@B7]).

The effects of morphine are contributed by Mu, Kappa, and Delta opioid receptors, and cause cyclic adenosine mono phosphate (CAMP) decrement, an increase in K + outlet, and a decrease in the entrance of the Ca^2+^-ion into the cell ([@B8], [@B9]). Ca^2+^ is important in the secretion of the hormones estrogen and progesterone, and placental and embryonic development ([@B10], [@B11]).

The placenta also forms a transport system for substances that pass between the mother and fetus. Nutrients and oxygen pass from the maternal blood through the placenta to the fetal blood, and waste materials and carbon dioxide pass from the fetal blood through the placenta to the maternal blood. The steroid hormones synthesized by the placenta are progesterone and estrogens ([@B10]-[@B13]).

Morphine can thus cause a disorder in placenta hormone secretion and delay embryonic development ([@B1], [@B3], [@B5]). Based on previous studies, oral morphine passes from the placental barrier and has disruptive effects on embryonic and neural tube development and the cerebellum ([@B15], [@B16]). Morphine also causes dysfunction of the secretive function in the brain choroid plexus and delays the normal development of the fetal chorionic and amniotic cavities ([@B17], [@B18]).

Morphine increases plasma corticosterone concentrations and delays rat placenta development ([@B19]). Morphine can pass from the placental barrier easily and cause disruption of normal development in different parts of the embryo ([@B13], [@B14]). In this study we have used labeled morphine to search for the locations that morphine has more of an effect on, and to determine the importance of the placenta in fetal development.

Materials and Methods
=====================

We used Wistar rats, with an average weight of 170-200 g in this study. Two rats were housed per cage at a temperature of 24 ± 1℃ with natural light periods (12 hours light/dark) and sufficient food and water. All experiments were conducted in accordance with standard ethical guidelines and approved by Baqyiatallah (a.s.) University Medical Committee on the Use and Care of Animals.

Drug
----

In this experimental study, oral morphine sulfate (Research Institute of Nuclear Science and Technology, Iran) was used.

Animals
-------

We divided 24 rats into three groups (I, II, and III). Group I was the control group (n=12). Group II were the 9^th^ day of pregnancy group (n=6), and group III as the 14^th^ day of pregnancy (n=6). A total of 12 female rats in dual groups copulated with adult male rats. After confirmation of pregnancy (observation of a vaginal plug and the existence of sperm in the vagina), they were separated from male rats the following morning and kept in the same dual-groups. Thereafter, the experimental group (first group from day 0 until 9 of pregnancy and second group from day 0 until 14 of pregnancy) received a daily dose of 0.05 mg/ml (5 mg morphine in 1000 ml tap water for six rats). The amount of consumed morphine in 10 ml water for every 100 g of the rat's weight was computed and attempts were made to give the rats the amount they needed. Control groups were treated with normal tap water. After treatment, all groups were anesthetized by chloroform. Embryos and uteruses were separated from the mother rats and transmitted to a 10% formalin solution for two weeks. Next, embryos were processed, molded, sectioned in 5 µm and 25 µm thicknesses, and fixed on glass slides for additional evaluation. The prepared sections were stacked on wooden sheets (30 cm long and 8 cm wide). The slides were covered by photographic strips (black and white photography) and allow remaining in a dark room for three days, after which they were transferred to the photographic archives to prepare the negatives. Films were assayed after appearance. The slides that were prepared with 5 µm sections were stained using the hematoxylin and eosin (H&E). Samples were then examined by light microscope.

Statistical analysis
--------------------

Results were reported as mean ± SEM. Differences between all groups were assessed by a one-way analysis of variance (ANOVA) and post-hoc Duncan test by using the SPSS/PC computer program (version 9.1). The statistical significance between the two measurements was determined by the two-tailed unpaired sample t test, and p\<0.05 was considered significant. Histological sections were studied in different parameters after identifying maternal and fetal parts using microscopical images. The thickness of the placenta portion, blood cistern surface, and number of cells in the experimental and control groups were measured by MOTIC software. The system used included a microscope connected to a computer and a monitor with software that could take photos from the slides. Subsequently, the number of cells on each layer were randomly counted and compared with that of the control group.

Results
=======

Our result on 25 µm tissue sections indicated, the effective situation of morphine was seen on the opioid receptor which placed on the endothelium membrane blood cells of the placenta villi in the 9^th^ day of pregnancy and on the embryonic portion of the placenta on the 14^th^ day of pregnancy. The staining data demonstrated that morphine led to an increase in the placenta layer's thickness and the lacuna number of fetal and maternal placenta portions on the 9^th^ day of pregnancy, a decrease in thickness and lacuna number on the fetal portion, and an increase in thickness of the maternal portion placenta on the 14^th^ day of pregnancy. A decrease in blood cistern area was observed in both. The cell numbers of the maternal portion were increased in the 9^th^ and 14^th^ day embryos. The cell numbers of the embryonic portion of the placenta significantly decreased (p\<0.05) in the 14^th^ day group compared to the control.

Discussion
==========

The present research was carried out to identify the location of effect of morphine in Wistar rats' fetal and placenta sections by using C^14^-morphine. Our results were consistent with previous studies. The membrane protein receptor was affected by morphine and direct relations existed between the receptors and morphine-affected sites ([@B20]-[@B22]). Our studies used labeled morphine and showed that the blood vessels being formed were affected more by morphine in the 9-day old placenta ([Figs 1-3](#F1){ref-type="fig"}). We have assumed that there are more opioid receptors on the endothelial membrane of the blood vessels and blood cells. Research on the effects of morphine on fetal and maternal layers of the placenta by staining have shown a significant increase in the thickness of fetal and maternal layers in the 9^th^ day old placenta ([Table 1](#T1){ref-type="table"}), which was consistent with the results of previous studies.

###### 

Effect of administration of oral morphine on fetal and maternal portion of placenta

  --------------------- ------------------------- ---------------------- ----------------------------------- -------------------------------- ------------------------------------- ---------------------------------- ----------------------------- --------------------------
                                                                                                                                                                                                                                                     
  Placenta/Day          Maternal thickness (µm)   Fetal thickness (µm)   Maternal cell number (count unit)   Fetal cell number (count/unit)   Maternal lacuna number (count/unit)   Fetal lacuna number (count/unit)   Maternal lacuna area (µ^2^)   Fetal lacuna area (µ^2^)
                                                                                                                                                                                                                                                     
  Control 9^th^         1004 ± 45                 482 ± 25               6 ± 0.5                             16 ± 0.8                         5 ± 0.5                               17 ± 0.8                           815 ± 12                      1200 ± 0.8
  Experimental 9^th^    1421 ± 61^\*\*^           794 ± 13^\*\*^         7 ± 0.5^\*^                         16 ± 3                           6 ± 5^\*^                             19 ± 3^\*^                         806 ± 0.48                    1192 ± 14
  Control 14^th^        1575 ± 26                 1394 ± 197             19 ± 1                              10 ± 0.2                         23 ± 1                                10 ± 0.5                           1179 ± 15                     1207 ± 13
  Experimental 14^th^   2158 ± 67^\*\*^           1235 ± 176^\*^         23 ± 5^\*^                          11 ± 1^\*^                       23 ± 5                                9 ± 2^\*^                          935 ± 28^\*\*^                983 ± 12^\*\*^
                                                                                                                                                                                                                                                     
  --------------------- ------------------------- ---------------------- ----------------------------------- -------------------------------- ------------------------------------- ---------------------------------- ----------------------------- --------------------------

Significant: \* p\< 0.05 and \*\* p\< 0.01 (mean ± SEM).

![The location of C^14^-morphine effect on the 9^th^ day old placenta. Note to blood vascular of placenta (imaged by Dino Capture, × 50).](Cell-J-14-122-g01){#F1}

![Micrograph of experimental group (E2) and control group (C2) on a 9^th^ day old placenta, frontal section (×40). Note to the changes of thickness on fetal and maternal portions.](Cell-J-14-122-g02){#F2}

![Micrograph of experimental group (E3) and control group (C3) on 9^th^ day old placenta, transverse section (×100). Note to the morphological changes, number, and blood lacuna on fetal and maternal portions .](Cell-J-14-122-g03){#F3}

Based on other studies, morphine stimulates cell division, particularly the division of undifferentiated cells ([@B22]-[@B24]). Other previous studies have shown that morphine administration caused the release of stress hormones such as corticosterone that lead to increased blood pressure and blood filling in the rat choroid plexus ([@B22], [@B25]). Studies have shown that the pregnancy progression resulted in an increase in plasma corticosterone concentration in pregnant women ([@B11], [@B23]). Scientists have stated that glucocorticoids increment caused placenta and fetus attenuation that contributed to cell cycle change from the proliferation phase to the differentiation phase ([@B8], [@B21], [@B25], [@B26]). Based on previous studies, corticosterone leads to cytotrophoblast cell proliferation ([@B19]-[@B21]).

Our present findings show an increase in the cells of maternal portion may be attributed to morphine and corticosterone ([Table 1](#T1){ref-type="table"}). We have also shown that the lacuna numbers of maternal and embryonic portions increased in the 9^th^ day old placenta, but lacuna surfaces decreased in both portions ([Table 1](#T1){ref-type="table"}). In the other hand, the increment of lacuna numbers could be attributed to the corticosterone and morphine effect that led to abnormal division of the cytotrophoblast cell, rapid penetration to endometrial cells, and gap creation along syncytiotrophoblast cell, which finally caused formation of more blood cistern ([@B7], [@B8], [@B11]).

In the present study, using labeled morphine on 14^th^ day old placentas showed the highest location of morphine was observed on the embryonic portion of the placenta (Figs [4](#F4){ref-type="fig"}-[6](#F6){ref-type="fig"}). It can be concluded that most opioid receptors present on the blood vascular endothelial membrane communicate with the embryonic part of the placenta. In contrast with the 9^th^ day old placenta, a significant decrease in thickness of the embryonic portion was seen in 14^th^ day old placenta ([Table 1](#T1){ref-type="table"}). Changes in thickness and cell number could be justified by stimulation of procytotrophoblastic cells to shortening of interphase ([@B5], [@B22], [@B23]). Thus cells do not have enough time for growth, protein synthesis, replication, and therefore cause a disorder in the normal functions of placental fetal cells ([@B6], [@B7], [@B23]), which lead to late differentiation of placental cells and embryonic development. Morphine, as a cell division stimulator, has caused increment in the embryonic portion cells on the 14^th^ day old placenta ([Table 1](#T1){ref-type="table"}). Delays in the normal development of the embryonic portion have caused disorders in the secretory function of placental cells that could be the result of delays in embryo development.

A significant decrease was shown in lacuna number and blood cistern area of the 14^th^ day old placenta ([Table 1](#T1){ref-type="table"}). Most blood vessels in the embryonic portion of the placenta, and most opioid receptors, are influenced by opioid materials. Opioid receptors on the membrane of placental cells are effective factors in blood vessel contraction ([@B5]-[@B7], [@B26]), and result in a decrease in bleeding, embryonic hypoxia, and a delay in embryonic development ([@B26], [@B27]).

The embryonic portion of the placenta basically gives rise to syncytiotrophoblast cells, which play an important role in embryonic development through secretory function, such as estrogen and progesterone hormones, and disorders in the secretion of these cells causes a delay in placental and embryonic development ([@B11], [@B28], [@B29]). In conclusion, our results have shown the greatest morphine effect on the placenta was on blood vessels of the placental villa under development on the 9^th^ day old placenta and the embryonic portion of the placenta on the 14^th^ day old placenta. These placental changes may also be true in humans. Thus delays may cause behavioral abnormalities in newborns or lead to abortions in addicted pregnant females ([@B30]). Recognition of this issue requires more research.

![The location of C^14^-morphine effect on the 14^th^ day old placenta. Note to blood vascular of placenta and fetal portion of placenta (imaged by Dino Capture, ×50) .](Cell-J-14-122-g04){#F4}

![Micrograph of experimental (E5) and control (C5) groups on 14^th^ day old placenta, transverse section (×100). Note to the changes of thickness on fetal and maternal portions.](Cell-J-14-122-g05){#F5}

![Micrograph of experimental (E6) and control (C6) groups on 14^th^ day old placenta, transverse section (×400). Note to the morphological changes, number, and blood lacuna on fetal and maternal portions.](Cell-J-14-122-g06){#F6}

Conclusion
==========

The findings of this study are consistent with results of our previous studies. Morphine also caused delays in the development of the placenta and various fetal anomalies are caused by its passage through the placental barrier. Most radiological effects of drugs have been observed on opioid receptors in the pores, especially the fetal part of the placenta. Any disturbance in blood supply to the placenta can lead to various abnormalities in embryo development.
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